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HIGH SPEED TOOL STEEL.
|
I -DEVELOPMENT OP TOOL STEEL INDUSTRY.
The manufacture of crucible tool steel probably dates 
back thousands of years as is evidenced by the wonderful carv­
ings on intensely hard stone work of the ancients. The f ir s t  
too l steel of which much is known is  "Wootz" steel, which was 
produced in India centuries ago. This steel was made by melt­
ing small pieces o f wrought iron, together with pieces of wood 
and green leaves, in a crucible made of earth and charcoal. 
This steel was for some time imported by English companies and 
used for making too ls , and although this is  no longer the case, 
i t  is  s t i l l  carried on in some d istr icts  o f India.
The celebrated Damascus steel, produced at the forges of 
Toledo was also a crucible stee l, and it  is  recorded that this 
steel contained certain precentages of tungsten, n ickel, man­
ganese, e tc ., some of the very elements contained in our pre­
sent high speed stee l. It seems remarkable, therefore, that 
a latent high speed steel which may be said to have existed 
centuries ago, was not discovered before the present day, when 
a ll that would have been necessary to bring out its  inherent 
powers would have been the heating of i t  to such a high degree 
o f temperature as was formerly thought to destroy the too l.
It was in Sheffield, England, that crucible steel was 
f ir s t  extensively manufactured, by Benjamin Huntsman, during 
the year 1750; and it  is  to him that the world is  indebted for 
one o f its  greatest industries. Huntsman was originally  a 
watchmaker by trade, and it  is  said the d if f ic u lt ie s  he had
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with his springs led him to turn his attention to the produc­
tion  of his own steel for them.
Prom this time on, it  was not until some th irty  or forty  
year8 ago that any marked advance was made. This was the in­
troduction of Mushet, or self-hardening stee l, which was the 
valuable invention of Robert Mushet, who, after a series of 
experiments, made while he was manager of the Titanic Steel 
Co., England, succeeded in producing a tungsten stee l, and its  
introduction was a great advancement on the cutting powers of 
ordinary crucible carbon steel.
It is  to America, however, that a ll  honor must be given 
for the next great step in having led the way in the present 
remarkable advancement in tool stee l. Credit for this advance 
is  due mainly to Messrs. Taylor and White of the Bethlehem 
Steel Works, who during the years 1898 to 1900 made extensive 
experiments on this subject, and that their persistent e ffort 
proved a success was f ir s t  demonstrated at the Paris Exhibi­
tion  of 1900, where the Bethlehem Steel Works exhibited by 
actual tests the capacity of their Taylor-White too ls . These 
experiments of Taylor and White came as a result of a rush of 
orders with the Bethlehem Steel Works, who seeing that at the 
rate they were working the orders would never he completed in 
contract time, resorted to this method of increasing the out­
put of their machine shops, the building of extensions and new 
machine tools being out of the question in the short time be­
fore the expiration of the contracts.
Thus we have the high speed or rapid cutting tool steels
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or as Mr. Reiser rightly  called them "superheated stee ls", 
they "being heated to a temperature which in ordinary carbon 
steels , would have destroyed its  cutting qualities.
I I -MANUBACTIJRE 0? HIGH SPEED TOOL STEEL.
Having given a b r ie f account of the developement of the 
tool steel industry we w ill now pass to the present condition 
of manufacture of these high speed tool steels .
(a) SELECTION OE MATERIALS.
It has been proved from long and extensive experience 
that the finest qualities of crucible steel can only be made 
by using the best brands of Swedish of Dannemora ores, which 
on account of their freedom from impurities, i .e .  their low 
precentage of phosphorous and sulphur, are rendered the most 
suitable for tool steels that w ill best retain their cutting 
edge. Percentages of phosphorous greater than .03 rendering 
the tool steel worthless.
The Swedish bar iron and the b lister bar, to be used in 
making the tool stee l, after being broken into small pieces is  
carefu lly selected by the metallurgical department, where the 
various irons, a lloys, ferros e tc ., are carefu lly weighed be­
fore being charged into the crucibles in the melting furnace. 
Before the crucible isp put into the melting furnace, i t  re- 
quires a preparatory heating, which is  carried out in a sep­
arate furnace, placed close to the melting furnace, so’ that 
the crucible can be transferred from one to the other in a 
heated condition. The object being to prevent cracking of the 
crucible from sudden heating.
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(b) MELTING.
The necessary charges having been weighed out are now 
charged into the crucibles thru a long funnel or bell, mouthed 
tube. The melting holes are either heated by coke or by means 
of gas in a regenerative furnace, each division of such a fur­
nace bolding six or more crucibles. The process of melting 
occupies anywhere from three to four and one half hours, a^e 
according to the brand of steel being worked, the higher grade 
high speed steels taking a longer time tomelt and thoroughly 
mix the various alloys they contain.
The s k ill  of the chemists and leading melters is now 
brought to bear on the important operation of melting; the 
temperature of the furnace is regulated by them and the con­
tents of the crucible is  inspected from time to time, so as 
to decide exactly when they are thoroughly mixed. It is  only 
from long experience in melting that the correct condition can 
be ascertained, at which the steel is  properly melted and ready 
for casting into ingot form. The steel being properly melted, 
the crucible containing i t  is  withdrawn by a man called a "pull­
er-out". The steel having been poured into moulds and cooled, 
the next process is  stripping the mould and topping the ingots,
i . e .  breaking o f f  the ingot top, so as to reveal the fracture 
o f the stee l, by which the expert can t e l l  whether the melting 
has been good or bad, and the ingot f i t  for passing to the 
metallurgical department. The ingots after being carefully 
looked over in the melting department for outward defects are 
sent to the metallurgical department for chemical analysis, to
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prove that their constitution is  correct and suitable for the 
purpose required after which they are marked and stamped in the 
ingot warehouse. The steel being cast i t  is  passed to the 
t ilt in g  shop, where the ingots are reheated in accordance with 
their d ifferent compositions and then hammered to the requir­
ed shape and size. These are then allowed to cool, after 
which they are furthur examined for defects, before passing 
on to the smaller hammers for t ilt in g  and fin ishing.
(c) ANNEALING.
We come now to that point in the manufacture of the steel 
which is  most important to the user, namely, annealing. The 
special brands of tool steels must not only be of the highest 
quality but must be workable, that is ,  machined at lowest cost 
to the many designs required. Another point of importance being 
the necessity of eliminating internal strains, which are pro­
duced by ro llin g  and hammering. Annealing brings the stee l to 
a uniform condition throughout the bar so that when heated for 
hardening equal expansion is  obtained, and equal contraction 
when cooled in an air blast or other cooling medium, for this 
process the bars after being finished under the hammers and in 
the ro llers  are placed in an annealing furnace designed to heat 
by radiation, in which they are le ft  from twelve to eighteen 
hours, according to the section of bars dealt with, at a temper­
ature about 1400° P, they are then allowed to cool and are 
labelled and placed in the ware-house ready for the market.
(d) CRUCIBLES USED.
Great care is  required in making the crucibles in which
the steel is  made. These are mainly composed of plumbago 
together with certain other materials. They are also made 
from clay where i t  is  desired that no carbon shall be imparted 
to the steel from the crucible. In selecting materials to with­
stand the high temperature necessary to insure thorough incor­
poration to occur with high speed steels, great care must be 
taken. The various fire -c la y s  ahd compounds are carefu lly 
weighed, mixed and trodden with the bare feet and balled so as 
to thoroughly consolidate the mixture and free i t  from air 
spaces, thus obtaining the homogeneity required. The compound 
is  then made into crucibles of the desired shapes and sizes.
The operation of treading clay with the feet has thus far been 
found to be more satisfactory in every way than clay treated 
mechanically. To manufacture crucibles including their forma­
tion and drying occupies from three to six weeks, according to 
the size of crucible; so that the high cost of plumbago and 
other materials, combined with the time necessary for comple­
tion , renders the item of crucibles an expensive one. In steel 
melting the plumbago crucibles are usually made to last from e 
eight to ten rounds before being cast aside.
III-EFFECT OF VARIOUS CHEMICAL CONSTITUENTS.
It is  known that the high speed steels of the present day 
are combinations of iron and carbon with;
1 . -Tungsten and chromium.
2 . -Molybdenum and chromium.
3. -Tungsten, molybdenum and chromium.
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We come now to the results obtained with steels of vary­
ing proportions of these elements. Mr. J . M. Gledhill of the 
firm o f Armstrong, Witworth and Co, England, made a large num­
ber of experiments along this line and obtained results b r ie f­
ly  as fo llow s:-
(a) INFLUENCE OF CARBON.
A number of too l steels were made with the carbon percent­
age varying from 0 .4$  to 2.2$  and the method of hardening was
to heat the steel to the highest temperature without destroy­
ing the cutting edge and then rapidly cooling in an air b last. 
By th is method i t  was found the greatest cutting e ffic ien cy  
id obtained where the carbon ranges from 0.4^ to 0.9 $ and such 
steels are comparatively tou-gh. Higher percentages are not 
desirable because great d if fic u lty  is  experienced in forging 
the steels and the tools are in ferior. With increasing carbon 
the steel also gets b r it t le .
(b) INFLUENCE OF CHROMIUM.
The next experiments were made;with the chromium element 
varying from 1.0 to 6.o per cent. Steels containing a low 
percentage are very tough> and perform excellent work on the 
softer varieties of steel and gray iron, but when tried on 
harder materials the results obtained were not so e ffic ie n t . 
With an increased chromium content the steel becomes much hard­
er and greater cutting e fficien cy  is obtained on hard materials. 
It was observed that with an increase of chromium there must 
be a decrease of carbon to obtain the best results for such 
percentages of chromium. The e ffect of substituting the more
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costly  element vanadium for chromium, 2^ "being present, was 
nothing of note. It was readily forged, worked very tough 
and was hardened hy heating to white heat and cooling in an 
air blast and stood well on medium stee l, but no better than 
the cheaper chromium stee l.
(c) INFLUENCE OF TUNGSTEN.
Experiments were made with tungsten varying from nine to 
twenty seven percent. From nine to sixteen per cent the nat­
ure of the steel becomes very b r it t le , but at the same time the 
cutting e fficien cy  is  greatly increased, and sixteen per cent 
appeared to be the lim it. Between eighteen and twenty seven 
per cent i t  was found the nature of the steel changed somewhat, 
and, instead of being b r itt le  i t  became softer and tougher, and 
while such tools have the property of cutting very cleanly, they 
do not stand up so well.
(d) INFLUENCE OF MOLYBDENUM:
This is at present under investigation, and out experi­
ments have produced excellent results, i t  is  found that where 
a large per cent of tungsten is  necessary to make a good rapid 
stee l, a considerably less per cent of molybdenum w ill su ffice .
A peculiarity of these steels is  they do not require such a 
high temperature in hardening, and i f  the temperature is  in­
creased above 1000® C or 1832°F the tools are in ferior and 
their l i f e  shortened.
(e) INFLUENCE OF TUNGSTEN WITH MOLYBDENUM.
It was found that the presence of from 0.5 to 7>f0 molybde­
num in a high tungsten steel sligh tly  increased the cutting
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e ffic ien cy  but the advantage gained is altogether out of pro­
portion to the added cost of molybdenum.
(f) INFLUENCE OF SILICON.
Experiments made with the silicon  content varying from a 
trace up to 4^, shows that s ilicon  sensibly hardens such steels 
and the cutting e ffic ien cy  on hard materials is  increased by 
adding up to 3^, above that the cutting e ffic ien cy  begins to 
decline.
IV-  TEMPERING.
Having discussed to some extent the effect of the various 
chemical compositions on the tool steel probably the next im­
portant factor in the high speed steel industry is the process 
of tempering, which to a certain extent may be said to bear 
d irectly  on the chemical composition as was evidenced in the 
proceeding section.
The method of tempering high speed steels is  the proceed­
ing which most of a ll has distinguished this steel from a ll 
former brands. Where in former years steel was never allowed 
to be heated at any time above 1600°F or a "cherry red" without 
injury to its  quality, we now find a piece of steel whose good 
qualities afe not brought forth until i t  has been superheated, 
so to speak, to a temperature of about 2200* F.
The exact process of tempering high speeds too l steel var­
ies for the different brands, each having special methods which 
seem best adapted to their particular chemical composition. 
However, the underlying principle is  the same for a ll ,  namely,
heating to a high temperature varying from 2000° to 2200 F
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and then rapidly cooling in ah air b last, o il  bath and some­
times lead bath.
The e ffe ct of this high temperature is  to combine the d i f f ­
erent chemical constituents with the carbon forming, chromium 
and tungsten carbides or other carbides of extreme hardness.
This fact alone, however, would not be su fficient for i t  must 
also retain this hardness. An ordinary carbon steel containing 
say 1.2 focarbon when heated sligh tly  above the c r it ica l point 
and cooled rapidly in water becomes intensely hard, but grad­
ual ly  loses this hardness as the temperature of fr ic t io n  reach­
es say 500° F. With rapid cutting steels this temperature of 
fr ic t io n  may be greatly extended even up to 1100° or 1200° F, 
and it  has been proved that the higher the original tempera­
ture of tempering is  raised above the c r it ic a l  point, the high­
er w ill be the temperature of fr iction  the tool w ill withstand. 
M. le Chatelier in his paper on"Rapid Steel for Tools", states 
that:-"S teel undergoes at 700° 0(1292° F) a change of nature 
which has been studies in a ll its  details by M. Osmond, This 
transformation lik e  a great number of chemical transformations 
takes place with more or less considerable delay according to 
certain other circumstances. When heating the transformation 
w ill take place above 700° C, when cooling below 700* C., the 
quickness with which this transformation takes place at a giv­
en temperature is  governed by a general law of chemical phenom­
ena, and this rapidity is  so much the greater (1) as the abso­
lute temperature in question is  highest, (2) as it  is at it s
ii
greatest distance from the point of transformation. We see
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therefore that apparently the higher the in it ia l temperature 
for tempering, the longer w ill be the l i f e  of the tool or the 
time during which it  w ill retain its  cutting edge. This trans­
formation is not only retarded by the physical change due to 
high in it ia l temperature, but is  due also to the elements of 
chromium, tungsten, molybdenum, vanadium and manganese whose 
e ffe ct is  to considerabljr retard th is change.
This e ffe ct of high temperatures in tempering was a direct 
result of the work of Taylor and White at the Bethlehem Steel 
Works, whose discovery is  best explained by the following 
table deduced from curves shown in Journal of the Franklin In­
stitu te , (Sept, 1901), which show the increase of cutting speed 
due to an increase in the temperature used in tempering.
TEMPERATURE
0 F 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900
CUTTING
SPEED. 30 40 43 35 14 16 75 93 108 120
Ft./Min.
We see therefrom that although the cutting qualities 
decrease immeadiately after temperatures formerly used, they 
increase at a much greater rate as we heat the tool s t i l l  high­
er.
Having seen that high temperatures are necessary for tem­
pering these steels, the question now is  how best to attain 
this temperature with any degree of certainty, and to have the 
material of the same temperature throughout. A ll methods o f 
tempering can probably be classed among one of the three, heat­
ing by direct contact with the flame as in the ordinary forge
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and gas furnace, heating hy radiation as in the muffle furnace, 
and lastly  heating "by e le c tr ic ity  which is  one of the later 
methods and becoming much used in tempering high speed steels, 
especially for  finished cutters such as milling cutters, 
reamers and d ies. Following are some methods of e lectr ica l 
heating, the f ir s t  two being mainly for lathe tools and the 
latter for a ll description of cutters.
Fig. 1 shows the arrangement of apparatus. This consists 
of a gray iron tank of suitable dimensions containing a strong 
solution of potassium carbonate, to this tank is at tached the 
negative cable from a generator, the positive cable being 
attached to the metal clip  holding the tool to be heated.
To harden the tool the action is  as fo llow s:- The current 
is  thrown in by means of the switches and the current strength 
regulated by the shunt regulator, the tool is  then dipped into 
the alkaline solution to any depth desired tb heat the too l, 
which completes the e lectr ica l c ircu it and at once sets up in­
tense heat on the immersed part. When it  is  seen that the 
too l is  su ffic ien tly  heated the current is instantly switched 
o f f ,  the solution then serves to rapidly ch ill  and harden the
13-
point of the too l, no air blast being needed.
In Pig. 2 is  shown a second method of heating in th is 
case however, the tool having to be cooled in an air blast or 
bath of some liqu id . In this method the heat is produced by 
an e lectr ic  arc. The method of operation is  as follow s:
F ’lG - Sj-
The tool to be heated is  placed on the bed of nonconduct­
ing and noncombustibel material and the arc started gradually 
at a low voltage and steadily increased as required by con tro ll- 
the shunt rheostat, care being taken not to obtain too great 
a heat and so fuse the end of the too l. When the required de­
gree of heat has been obtained, the current is shut o ff  and an 
air blast directed against the too l. The source of power in 
th is case consists of a continuous-current shunt-wound motor 
at 220 volts coupled to a continuous-current shunt-wound dynamo 
at from 50 to 150 v o lts . Arcs from 10 to 1000 amperes are then 
easily  produced and simply and safely regulated by means of 
the shunt rheostat.
It is  in the tempering of milling cutters and other:spec­
ia l cutters that the greatest care must be exercised. When 
we consider the time spent in machining special cutters, we 
w ill at once see that it  is  extremely necessary to guard a- 
gainst cracking which would necessitate a duplication of this
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tirne. To avoid this cracking it  is f ir s t  of a ll  advisable to 
anneal the cutter after having been machined for the shocks 
incurred during machining produce strains in the cutters which 
when the cutter is  heated produces unequal expansion and i f  
great enough cracking. Annealing w ill also impart d u ctility  
which w ill give the cutter greater powers of resistance against 
shock. In tempering hollow cutters of ordinary steel a heated 
rod was sometimes inserted to draw the temper and make the in­
side soft and tenacious, with this method however, there was 
always more or less l ia b il ity  of injury. This has greatly been 
reduced in the following method of e lectr ica l heating, which 
method is also convenient for annealing.
Fig. 3 shows the general arrangement of the apparatus 
which consists of a continuous-current shunt-wound motor d irect­
ly  coupled to a single-phase alternating-current dynamo of the 
revolving f ie ld  type giving 100 amperes at 350 volts , 50 cycles 
per second, the exciting current being taken from the work 
supply. The current from the alternator is  reduced by means 
of a step down transformer to a current of 2 volts pressure, 
the secondary co il of the transformer consisting of a single 
turn of copper or heavy cross-section, the extremities of which
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are attached to the connecting vises holding the mandrel upon 
which the cutter to "be tempered is placed. Although the tota l 
resistance of this circu it is  low, the comparatively high re­
sistance of the mandrel causes the current to be used in heat­
ing the mandrel. As the work is put on the mandrel when cold 
and the heat is  gradual and can be held at any desired point 
for  a length of time the former dangers of cracking are min­
imized.
V-LIST o r  FIRMS SELLING HIGH SPEED TOOL STEEL.
1. Bethlehem Steel Co. South Bethlehem, Pa.
2. Herman Boker & Co. New York, N. Y.
M frs., of Novo Steel.
3. Colonial Steel Co. Pittsburg, Pa.
4. Crucible Steel Co of Amer. Pittsburg, Pa.
Mfrs. Of "Rex" Air Hardening Steel.
5. Cyclops Steel Co. T itu sv ille , Pa.
M frs., Burgess #4 and #5.
6. Firth, Stirling & Co. Demmler, Pa.
Mfrs of Blue Chip.
7. Heller Bros. Newark, N. J.
8. Houghton & Richards. Boston, Mass.
Mfrs. o f Styrian Steel.
9. B. M. Jones & Co. Boston, Mass.
Agts. For Mushet Steel.
10. Ito. Jessop & Sons Co. New York, N. Y.
11. Edwin R. Kent & Co, 10 S. Canal S t., Chicago.
Mfrs. ,  of Allen Air Hardening Steel.
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12. Me Innes Steel Co. Corry, Pa.
Mo Innes Air Hardening Steel.
13. Geo. Nash & Co. Chicago, 111.
Mfrs. Of Capitol Steel.
14. Hugo Reisinger. 11 Broadway, New York, N.Y.
V ictoria High Speed Steel.
15. Sanderson Steel Co. Syracuse, N. Y.
16. Westmoreland Steel Co. Pittsburg, Pa.
17. Armstrong, Withworth Co. Manchester, England.
M frs., "A. W." Steel.
VI-EXPERIMENTAL DATA OF TESTS TO DATE.
Regarding experimental data of tests with high speed tool 
steel we find that although much has been done by manufactur­
ing establishments, technical schools and societies with regard 
to the relative value of various brands of steel when cutting 
different materials l i t t l e  has been published giving detailed 
information. Experiments instituted by large manufacturing es­
tablishments have been of great value to themselves and their 
value would have been greatly enhanced i f  a ll observations had 
been properly recorded and published.
The work of Prof. J. T. Nicolson of the Manchester Insti­
tute of Technology has been extensivly carried on. With the 
aid of the Manchester Association of Engineers and other steel 
firms he has been able to make tests withvarious steels on 
d ifferent materials, finding the lim its of the tools and other 
information of importance. A few results of these experiments 
are shown in Table No. 3, they being average results obtained
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in the tests . The curves shown later are also results of these 
tr ia ls . The curves showing the relation between cutting speel 
and area of cut are interesting in that they closely  approxi­
mate a rectangular hyperbola with asymtotes parallel to the 
axes of speed and area of cut. The following expression gives 
the relation for  the six  cases tested by Prof. Nicolson, v iz , 
s o ft , medium and hard cast-iron and so ft , medium and hard stee l.
V _ K -  M 
a-L
in which: a*area of cut in square inches, V= Allowable cutting 
speed in feet per minute, and K,L and M *• constants of which 
numerical values for different materials, as obtained by Prof. 
Nicolson, are given in the following table.
Table  or Constants  tor E quation 
S howing
R elatjon b e t w e e n  Cutting S peed  & A rea op Cut.
Constas/T-
F l u id  P r e s s e d  S teel. Ca s t  - / r o n  ,
Sorr. Med tuN. Ha r d . So r t . Medium . HARD.
K /  e s J -8 5 / . 0 3 3.10 /  65 /■3C
L . on . 0 /6 0 - >6 .O Z S . 0 3 0 . 0 3 5
A 1. / 5 6 4 8 7 s s
With the former curves are also given curves showing the 
relation  between the area of cut and the force on the tool 
point.
Immeadiately after the exhibition of Taylor and White at
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the Paris exposition in 1900 a ll manner of con flicting  tr ia ls  
were reported "by others, th is induced the Berlin section of the 
Society German Engineers to take up the matter and they made 
a long series of tests which are shown in part in Table No. 1.
Table No. 2 shows some results of experiments made by the 
tool steel firm of Bohler Bros. & Co., and are probably only 
a small part o f the tests actually made by that company to de­
termine the e ffect of various methods of tempering and d iffe r ­
ent chemical constituents, which howeverare not reported.
Mr. J. M. Gledhill of the firm of Armstrong, Whitworth 
& Co., England, has also made extensive experiments with high 
speed steel, especially  with "A. W." stee l, obtaining the in­
fluence of different chemical constituents and of annealing.
Some results of work with this steel are shown in Table No. 4 
in which table are also reported a few results with twist d r i l ls .
Table No. 5 is  put in to show the relative endurance of 
the high speed, Taylor-White steel and the ordinary mushet.
I f  expressed in terms of the cutting speed we would find the 
high speed steel to withstand a speed o f from three to four 
times that of the mushet, and considerably more than this for 
ordinary carbon steel.
Table No. 6 is  interesting in that i t  shows the e ffe c t  the 
introduction of high speed steel had on the Bethlehem steel 
works, the company which instituted the experiments of Taylor 
and White which led to the discovery of the present tool steel, 
and goes to show the value of systematic research.
Table No. 7 gives the chemical constituents of materials
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nsed in the Manchester and Berlin experiments, which are an 
indication o f the hardness of those materials.
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V II  UNIVERSITY OF ILLINOIS EXPERIMENTS.
The f o l l o w i n g  i s  a d e s c r i p t i o n  o f  a s e r i e s  o f  e x ­
p er im en ts  con d u cted  "by th e  w r i t e r  in  th e  shops o f  the C o l ­
le g e  o f  E n g in e e r in g .  The ex p er im en ts  do not f o r a  a com­
p l e t e  s e r i e s  hut r a t h e r  a p r e l im in a r y  s e r i e s  t o  determ ine 
a method f o r  c o n d u c t in g  th e  t e s t s  and t o  p e r f e c t  th e  appar­
a tu s  n e c e s s a r y  t h e r e t o .  E very  e f f o r t  h a s ,  h ow ev er , been 
made t o  o b ta in  c o r r e c t  r e s u l t s  and th e s e  t o g e t h e r  w ith  th e  
r e s u l t s  o f  f u r t h e r  exper im en ts  t o  be co n d u c te d  by  the  E n g in ­
e e r in g  Experim ent S t a t i o n  w i l l  be r e p o r t e d  in  a b u l l e t i n  
t h e r e o f  at a l a t e r  d a te .
The work i s  d e s c r ib e d  in  th e  f o l l o w i n g  o rd er  
A. The T o o l  s t e e l s  Used; 3 .  The Cast I r o n  T est  P i e c e s ;  C. 
D e t a i l s  o f  th e  T e s t s ;  D. R e s u lt s  o f  th e  T e s t s ;  E. C on clu - 
s i o n s .
A. THE TOOL STEELS USED.
The f o l l o w i n g  t o o l  s t e e l s  were used  in  t h e s e  
t r i a l s : -  1 S ty r ia n  marked ’’B o n ie r  R a p id " ;  2 Mclnnes* " E x t r a " ;  
and 3 " A ir  N ov o" . The s t e e l s  were d on a ted  f o r  the p r o ­
p osed  t e s t s  b y  the s t e e l  makers o r  t h e i r  a g e n ts .  The s i z e  
o f  the b a rs  o f  s t e e l  from  which the  t o o l s  were made was 
l / 2  in c h  by  1 in c h .  To s i m p l i f y  the  t e s t s  as much as 
p o s s i b l e  a l l  t o o l s  were o f  th e  same shape, as shown in  
p i g .  4 .  The f r o n t  c le a r a n c e  angle  was 12 1 /2  d e g r e e s ,  the 
to p  rake 10 d e g r e e s  and the s id e  rake 10 d e g r e e s .  These 
a n g le s  were c a r e f u l l y  m a in ta in e d  th rou gh ou t  the t e s t s ,  b y  
measurement w ith  a b e v e l  p r o t r a c t o r  d u r in g  each g r in d in g .
f t £ .  4
P r o f e s s o r  J .  T . . H i c o l s o n  has made a s e r i e s  o f  ex p er im en ts  /  
r e l a t i n g  t o  th e  p ro p e r  shape o f  t o o l s ,  and h i s  recommenda­
t i o n s  were f o l l o w e d  t o  some e x t e n t .
The d i r e c t i o n s  f o r  f o r g i n g  and h a rd en in g  th e  
s t e e l s  were fu r n is h e d  b y  the m a n u fa ctu rers  and are as f o l -  
1 ov/s: -
(1 )  D i r e c t i o n s  f o r  w ork ing  S t y r ia n  S t e e l  marked "B o h le r  
R ap id "  .
For F o r g in g :  Heat t o  a b r ig h t  r e d .  Do not a l lo w
the h e a t  t o  run as low  as a c h e r r y - r e d  w h ile  f o r g i n g .  A f t e r  
f o r g i n g  a l lo w  the t o o l  t o  c o o l  s l o w ly  b e f o r e  h a r d e n in g .
For H a rd en in g : L ath e , P la n e r  and B o r in g  T o o l s .
Heat t o  a w h ite  h e a t  but not t o  a s c a l i n g  o r  m e lt in g  p o i n t ,  
j u s t  a good  w h ite  h e a t .  C oo l in  the  a i r  o r  a c o l d  b l a s t .
Houghton and R ich ard s- ,
Arnerican A gents .
/  E xperim ents  w ith  a Lathe T o o l  Dynamometer.
See T rans . A. S. M. E. V o l .  25 , 1904, page 658.
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(2 )  D i r e c t i o n s  f o r  w orking  M c ln n e s 's  "E x tra "  H ig h -s p e e d
A ir -H a rd  S t e e l .
Eor E org in g  and H ard en in g : Eorge th e  s t e e l  at th e
o r d in a r y  t o o l  s t e e l  f o r g i n g  h e a t ;  a f t e r  th e  t o o l  i s  f o r g e d  
t o  th e  d e s i r e d  shape , re h e a t  th e  c u t t i n g  end t o  a l i g h t  
c h e r r y - r e d ,  and c o o l  in  an a i r  b l a s t .  In o r d e r  t o  b r in g  
out th e  q u a l i t y  o f  t h i s  s t e e l  when th e  t o o l  i s  f o r g e d  t o  
th e  above i n s t r u c t i o n s ,  i t  sh ou ld  be run at h ig h  sp eed  in  
th e  l a t h e  or  p la n e r  u n t i l  th e  edge i s  worn o f f  two o r  th re e  
t im es  and re g ro u n d . A f te r  each g r in d in g  th e  t o o l  g e t s  
b e t t e r  u n t i l  i t  g e t s  t o  i t s  l i m i t .
M clnnes S t e e l  Company, L im it e d ,  
C o rry ,  P e n n s y lv a n ia .
(3 )  D i r e c t i o n s  f o r  w orking  " A i r  Novo" High Speed T oo l  S t e e l .
Eor E o rg in g :  The s t e e l  must be  h e a te d  t h o r o u g h ly ,  so
th a t  i t  i s  h o t  a l l  th e  way th ro u g h . The f o r g i n g  c o l o r  must 
be a v e r y  l i g h t  y e l l o w .  Do not hammer th e  s t e e l  when i t  
g e t s  down t o  a dark r e d ,  but reh ea t  i t .  A f te r  th e  t o o l s  
a re  f o r g e d  l a y  them down t o  c o o l .
Eor H ard en in g : Heat th e  c u t t in g  edge o n ly  o f  the  t o o l
t o  a w h ite  w e ld in g  h e a t .  Heat i t  u n t i l  i t  b e g in s  t o  f l o w .  
Then put the t o o l  in t o  a c o m p r e s s e d -a i r  b l a s t ,  o r  d ip  im­
m e d ia t e ly  in to  t h i n  l a r d ,  l i n s e e d  or  f i s h  o i l  u n t i l  t h o r ­
ou g h ly  c o l d .
Hermann. Boker C o . ,
New Y ork .
I t  i s  seen  th a t  a l l  t h r e e  s t e e l s  are  t o  be c o o l e d  
in .a n  a i r - b l a s t .  An apparatus was t h e r e f o r e  d e s ig n e d  f o r
^  H
A  $  & ^
^ | i |
§ \^
s V 1 *V
*  § • ^ s -
X ^
^ 1 1
S e p a r a t o r  f o r  re / ro i/ m p  
p i o /5 fa re  f r o m  
4- -/r. jo /jo e-
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p r o p e r ly  c o o l i n g  the t o o l s .  T h is  i s  shown in  P ig .  5.
The apparatus c o n s i s t s  o f  a s e p a r a t o r ,  f o r  w ithdraw ing  the 
m o is tu r e  from  th e  a i r ,  t o  w hich i s  c o n n e c te d  a h e a d er  o f  
2 - i n c h  p i p e .  To th e  h ead er  are a t ta c h e d  sh o r t  le n g t h s  o f  
1 1 /2  in c h  and 2 1 /2  in ch  p ip e s  which se rv e  t o  c o n c e n t r a te  
th e  a i r  b l a s t  on the  t o o l s  p la c e d  w ith in  them t o  be h a rd ­
en ed . A ru b b er  h ose  w ith  a 1 /8  in ch  n o z z le  in  the  end i s  
a l s o  a t ta c h e d  t o  one op en in g , so  th a t  a s t r o n g  b l a s t  may be 
d i r e c t e d  on th e  c u t t i n g  edge o f  the  t o o l  when f i r s t  removed 
from  th e  f i r e .  The t o o l s  were h e a te d  in  an o r d in a r y  f o r g e  
w ith  a c l e a r  coke f i r e .  Care h a v in g  been  ta k en  t o  have 
p l e n t y  o f  coke  above and b e lo w  th e  t o o l  t o  p re v e n t  c o ld  
b l a s t s  o f  a i r  from  s t r i k i n g  th e  t o o l  w h i le  b e in g  h e a t e d .
V II  THE CAST IRON TEST PIECES 
The c a s t  i r o n  t e s t  p i e c e s  u sed  in  the t r i a l s  were 
d on a ted  by  s e v e r a l  m a n u fa ctu rers  th rou g h ou t  th e  s t a t e  and b y  
th e  U n iv e r s i t y  fo u n d r y .  A s ta n d a rd  s i z e  o f  t e s t  p i e c e  was 
d e c id e d  upon and b l u e - p r i n t s  and p a t t e r n s  o f  i t  sen t  t o  the  
d i f f e r e n t  m a n u fa c tu r e r s .  T h is  s ta n d a rd  i s  shown in  P ig .  6. 
The d iam eter  i s  th e  maximum the la t h e  w i l l  swing o v e r  the  
c a r r i a g e .  The t e s t  p i e c e  was made h o l l o w ;  f i r s t  b e ca u se  
a s o l i d  t e s t  p ie c e  becom es t o o  s o f t  tow ard  th e  c e n t e r  and 
i s  more l i k e l y  t o  c o n t a in  b low  h o l e s ;  se co n d , t e s t  p i e c e s  
o f  sm all d ia m eter  become sp r in g y  and c o n s e q u e n t ly  produ ce  
in a c c u r a c i e s  in  the r e s u l t s ;  t h i r d ,  the  h ig h  a n g u la r  v e l o c i t y  
n e c e s s a r y  w ith  sm all d ia m eters  i s  u n d e s i r a b le .  The f i r s t  
t e s t  p ie c e  u sed  was 18 in c h e s  l o n g .  T h is  was fo u n d  to  be
r/o. 6
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t o o  s h o r t ,  th e  t o o l  h a v in g  t o  he r e s e t  t o o  o f t e n .
In o rd e r  th a t  a com p ar ison  o f  r e s u l t s  w ith  d i f ­
f e r e n t  gra d es  o f  ca st  i r o n  might he made a com p a ra t iv e  h a r d ­
n ess  d r i l l  t e s t  was made on each t e s t  p i e c e ,  com parison  
b e in g  made w ith  a s ta n d a rd  p i e c e  o f  s o f t  c a s t  i r o n  o f  equal 
d e n s i t y  th ro u g h o u t .
The h a rd n e ss  o f  c a s t  i r o n  or  any o th e r  m eta l as 
in d i c a t e d  by  a d r i l l  t e s t  i s  p r o b a b ly  as f a i r  an i n d i c a t i o n  
o f  the  p a r t i c u l a r  q u a l i t y  o f  th e  m etal th a t  a f f e c t s  th e  
c u t t in g  sp eed  as i s  o b t a in a b le  by  any p r o c e s s  in  use at th e  
p re se n t  t im e .  T h is  h a rd n e ss  t e s t  i s  in  i t s e l f  a c u t t in g  
sp e e d  t e s t  in  which the  c u t t i n g  speed  i s  not v a r i e d ,  but i s  
h e l d  con sta n t  and the r a t e  o f  f e e d  a l lo w e d  t o  v a r y ,  the 
c u t t i n g  sp eed  and th e  ra te  o f  f e e d  in  a l l  p r o b a b i l i t y  be axing 
some con s ta n t  r e l a t i o n  t o  each  o t h e r .  The t e s t s  were made 
w ith  a d r i l l  p r e s s  as shown in  P ig .  7 . A con s ta n t  l o a d  o f  
312 pounds was a p p l i e d  on th e  s p in d le  o f  th e  d r i l l  p r e s s . b y  
means o f  a w e ig h te d  l e v e r .  W ith the s p in d le  r o t a t i n g  at a 
c o n s ta n t  speed  o f  87 r .  p .  m. , the r a t e  o f  f e e d  in  in c h e s  
p e r  m inute v;as m easured , r e a d in g s  b e in g  ta k en  f o r  e v e r y  1 /8  
in c h  o f  depth d r i l l e d .  The d r i l l  u sed  in  th e se  t e s t s  was 
a Morse s ta n d ard  l / 2 - i n c h  t w i s t  d r i l l  ground  t o  an a n g le  o f  
62 1 /2  d e g r e e s .  The com p arison  made a f t e r  e v e r y  t r i a l  w ith  
th e  s ta n d a rd  p i e c e  o f  s o f t  c a s t  i r o n ,  e l im in a t e s  any chance 
o f  e r r o r  due t o  a sm all v a r i a t i o n  in  th e  sharpness  o f  the  
d r i l l .  P ig .  8 g iv e s  the  g r a p h i c a l  r e s u l t  o f  th e se  t e s t s ,  
the  cu rve  drawn th rou g h  the d o ts  r e p r e s e n t in g  the s ta n d a rd  
c a s t  i r o n  and th o se  th rou gh  th e  c i r c l e s  the t e s t  p i e c e s .
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The h a rd n ess  o f  any t e s t  p ie c e  as No. 1 w ould  then he x
100 = 342 in  which .5 9 5  i s  the  r a t e  o f  f e e d  o f  the d r i l l  i n ­
t o  the  stan d ard  c a s t  i r o n  in  in c h e s  p e r  m inute and .1 7 4  i s  
the r a t e  o f  f e e d  o f  the  d r i l l  in t o  the t e s t  p i e c e .  The 
h a rd n ess  o f  the  s ta n d a rd  ca s t  i r o n  b e in g  assumed 100. The 
r e s u l t s  thus c a l c u l a t e d  are g iv e n  in  T a b le  8 .  A s i m i l a r  
method o f  t e s t i n g  th e  h a rd n ess  o f  ca s t  i r o n  was u sed  by 
P r o f e s s o r  J .  T. N ic h o ls o n  in  h i s  ex p er im en ts  w ith  h ig h - s p e e d  
t o o l s t e e l s  made at the M anch ester  M u n ic ip a l  S ch oo l o f  Tech - 
•n ology . e
V II _C DETAILS OP TESTS
(1 )  APPARATUS
The apparatus used  in  th e  t e s t s  c o n s i s t e d  m a in ly  
o f  a h ig h - s p e e d  la t h e  r e c e i v i n g  i t s  power from  a tw o-p h ase  
in d u c t i o n  m otor  by  means o f  b e l t i n g  and a c o u n t e r - s h a f t ,  th e  
power r e q u ir e d  b e in g  m easured b y  a p o ly p h a se  w a ttm eter .  The 
g e n e r a l  arrangement i s  shown in  P ig .  9 . The la th e  u s e d ,
P ig .  10 , was a P ra t t  and Whitney h ig h - s p e e d  la t h e  w ith  g e a r  
b o x  h e a d - s t o c k ,  t a k in g  a maximum le n g t h  o f  3 f e e t  9 in c h e s  
between c e n t e r s  and a d iam eter  o f  9 in ch es  o v e r  the c a r r i a g e .  
The power i s  t r a n s m it t e d  from  th e  f i r s t  m otion  s h a f t  o f  th e  
h e a d - s t o c k  t o  the  cone g e a rs  by means o f  a lo n g  p in io n  and 
an in te r m e d ia te  g e a r ,  th e  l a t t e r  b e in g  fa s t e n e d  t o  the i n t e r ­
m ediate  g e a r  frame w hich  s w iv e ls  about the f i r s t  m otion  s h a f t .
e^Repo'rtf"o f. 1expVriments''“m ade*^tTTaH cThe 'steF ''I funTclpar^^ool o f  
T e ch n o lo g y ,  London E n g in e e r in g ,  O c to b e r  30 , Nov. 1 3 , 1903.
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The in te r m e d ia te  gear fram e has a s u b s t a n t ia l  s l i d e  w ith  
r a c k ,  p in io n  and crank by  w hich  th e  in te r m e d ia te  g e a r  i s  
moved t o  any one o f  foxxr p o s i t i o n s ,  in  which i t  i s  l o c k e d  
by  the  d ro p p in g  o f  a p in  in t o  s u i t a b l e  h o l e s  in  the  fram e, 
a f t e r  which movement th e  frame i s  s w iv e le d  t o  drop  th e  g ea r  
in t o  mesh w ith  the cone g e a r .  The l a t c h  han d le  at each  end 
o f  the frame h o ld s  the  frame and g e a rs  in  p o s i t i o n  a f t e r  the 
g e a r s  are in  mesh. Prom the  cone g e a r s  the  power i s  t r a n s ­
m i t t e d  e i t h e r  d i r e c t  t o  th e  s p in d le  o r  through  th e  usu a l b ack  
g e a r s ,  thus d o u b l in g  the  f o u r  sp eeds  p o s s i b l e  w ith  th e  cone 
g e a r s .  The sp eeds  o b t a in a b le  are shown in  T ab le  9 . The 
f e e d  mechanism i s  p o s i t i v e ,  b e in g  d r iv e n  by  two gears  from  the 
main s p in d le  th rou gh  a cha in  o f  g ea rs  t o  th e  f e e d  b o x  change 
and sp eed  g e a r s ,  th e n ce  through  the  f e e d  r o d  t o  the c a r r i a g e .  
There are e ig h t  changes p o s s i b l e  b o th  in  the  c r o s s  and l o n ­
g i t u d i n a l  f e e d s .  A r e v e r s e  f e e d  i s  o b t a in e d  by  s h i f t i n g  
th e  r e v e r s e  r o d .  T a b le  10 g iv e s  th e  fe e d s  o b t a in a b le .
The power was t r a n s m it t e d  t o  the l a t h e  by  means o f  a 
f o u r - i n c h  double  b e l t  from  the 1 2 - in c h  f r i c t i o n  c lu t c h  p u l l e y  
o f  the  c o u n t e r s h a f t .  The c o u n te r s h a f t  in  tu rn  was d r iv e n  
through  a 3 7 - in c h  p u l l e y  by  a f o u r - i n c h  s i n g l e  b e l t  from  th e  
m o to r .  The m otor i s  on an a d ju s t a b le  b a s e ,  a l lo w in g  changes 
o f  th e  m otor  p u l l e y  t o  be made w ith ou t  a l t e r i n g  the l e n g t h  
o f  th e  b e l t .  In  th e  t e s t s ,  p u l l e y s  ra n g in g  from  s i x  t o  
twelve- in ch e s  in  d ia m eter  were u s e d ,  making p o s s i b l e  w ith  th e  
e ig h t  changes o f  sp eed  on the la t h e  p ro p e r  56 changes f o r  
e v e r y  d iam eter  o f  work. The m otor  r e c e i v e d  i t s  cu rren t  from  
th e  440 v o l t  main o f  th e  U n iv e r s i t y  pov/er p l a n t .
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The w attm eter  used  i s  known as th e  W estinghouse 
p o r t a b le  lo n g  s c a le  i n d i c a t i n g  w attm eter  f o r  a l t e r n a t in g  c u r ­
ren t  c i r c u i t s  o f  e i t h e r  tw o, t h r e e  o r  f o u r  pha^e. " I n  p r i n ­
c i p l e ,  the w attm eter  c o n s i s t s  o f  a m in ia tu r e  in d u c t i o n  m otor , 
h a v in g  f o r  an armature a m e ta l  drum m ounted on a s h a f t ,  t o ­
g e t h e r  w ith  a s p r in g  and p o i n t e r ,  g iv in g  i n d i c a t i o n s  on the 
s c a l e  p r o p o r t i o n a l  t o  th e  power to  he m ea su red " . "The p o l y ­
phase w attm eter i s  a m o d i f i c a t i o n  o f  the  above h a v in g  two drums 
mounted on th e  same s h a f t  and r e v o l v i n g  in  two se p a ra te  f i e l d s .  
T h is  c o n s t r u c t i o n  makes a m eter  which i s  c o r r e c t  f o r  two or  
th re e  phase c i r c u i t s  under a l l  c o n d i t i o n s  o f  u n b a la n c in g ,  low  
power f a c t o r ,  e t c . , . a n d  m easures the  t ru e  en erg y  o f  th e  c i r ­
c u i t . /
(2 )  PROCEDURE I I  MAKING THE TESTS: -
The t e s t  p i e c e  t o  be  u sed  h a v in g  been  brou g h t  t o  a 
u n iform  d iam eter  th rou gh ou t i t s  le n g th  i t  was ready f o r  the 
t e s t  and the  t o o l  t o  be used  was p la c e d  in  th e  r e s t  in  the  
p o s i t i o n  d e c id e d  on f o r  a l l  t o o l s  and t r i a l s ,  v i s . ,  at r i g h t  
a n g les  t o  the  work w ith  the b o t to m  edge o f  th e  t o o l  h o r i z o n t a l  
and th e  c u t t in g  edge o f  the t o o l  from 1 / 8 - i n c h  t o  1 / 4 - in c h  
above the c e n t e r  o f  th e  work, i t s  e x a c t  p o s i t i o n  b e in g  r e c o r d e d  
in  the  l o g .  The d iam eter  o f  the t e s t  p ie c e  was th en  a c cu r ­
a t e l y  measured in  s e v e r a l  p l a c e s  and th e  average r e c o r d e d  in 
th e  l o g .  Prom a s e t  o f  cu r v e s  g iv in g  th e  s u r fa c e  sp e e d  o f  
t e s t  p i e c e s  o f  v a r io u s  d ia m e te r s ,  under d i f f e r e n t  c o n d i t i o n s  
o f  d r iv e  the s i z e  o f  motor p u l l e y  n e c e s s a r y  t o  g iv e  th e  r e -
/  Taken from  i n s t r u c t i o n s  f o r  the use  o f  the W e st in g -  
hou se  P . L. S. I .  W attm eters .
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q u i r e d  sp eed  was o b t a in e d .  The change h a v in g  been  made and 
th e  m otor s t a r t e d  the t o o l  was then  f e d  in  by  hand u n t i l  th e  
c u t t i n g  edge j u s t  s c r a p e d  the  bottom  o f  the  g ro o v e  l e f t  by  
th e  l a s t  t u r n in g .  The g ra d u a te d  d i s c  on th e  c r o s s  f e e d  was 
th en  s e t  at z e ro  and a f t e r  h a v in g  moved th e  c a r r ia g e  u n t i l  the  
t o o l  c l e a r e d  the  work, the  t o o l  was f e d  in  by hand u n t i l  th e  
gra d u ated  d i s c  showed the  r e q u ir e d  depth  o f  c u t .  The l o n ­
g i t u d i n a l  f e e d  or  t r a v e r s e  was th en  s e t  in  p o s i t i o n  and r e ­
co rd e d  and the  square ca se  r e v o l u t i o n  c o u n te r ,  a t ta ch e d  t o  th e  
f i r s t  m o t io n  sh a ft  t o  count the r e v o l u t i o n s ,  was se t  at z e r o .  
The la t h e  was then  c l e a r e d  o f  c h ip s  and th e  t e s t  s t a r t e d ,  
the  e x a c t  tim e o f  th e  t o o l  e n t e r in g  the  work and the p o s i t i o n  
o f  th e  r e v o l u t i o n  c o u n te r  b e in g  r e c o r d e d  in  the  l o g .  During 
th e  t r i a l s ,  r e a d in g s  o f  th e  r e v o l u t i o n  c o u n te r  and a l s o  o f  
the  w attm eter  were taken  e v e r y  two m in u te s .  A f te r  th e  e x ­
p i r a t i o n  o f  the  t r i a l  a l l  c u t t i n g s  were c o l l e c t e d ,  w e igh ed  
and t h e i r  weight r e c o r d e d  in  the  l o g .  To f a c i l i t a t e  the  
c o l l e c t i o n  o f  ch ip s  sh e e t  i r o n  guards  were p l a c e d  on the b ed  
o f  the l a t h e .
(3  ) POWER ME ASUREMEHT S : -
In  o rd e r  t o  determ ine the power r e q u i r e d  t o  remove 
c a s t - i r o n  at v a r io u s  s p e e d s ,  the e l e c t r i c a l  in p u t  in t o  the 
m otor  was read  and r e c o r d e d  th rou gh ou t the  t r i a l s .  However, 
t o  change t h i s  e l e c t r i c a l  input t o  h o r s e -p o w e r 'o u t p u t  and 
t ra n sm it  i t  t o  the w orking t o o l  r e q u i r e d  the e x p e n d it i ir e  o f  
some energy  and a consequ ent l o s s  o f  p ow er . T h is  l o s s  due to  
f r i c t i o n  and m otor  e f f i c i e n c y  was o b t a in e d  w ith  th e  apparatus 
as shown in  P ig .  1 1 .  The e l e c t r i c a l  input was m easured by  the
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w a ttm eter  and a p ron y  brake p l a c e d  on th e  t e s t  p ie c e  in  the  
la t h e  m easured the  h o r s e -p o w e r  o u tp u t .  T e s t s  were made by 
t h i s  means b o th  w ith  and w ith ou t  back  g e a r s  and the pow er l o s s  
m easured from  n o - l o a d  t o  f u l l - l o a d .  The r e s u l t s  o f  th e s e  
t e s t s  are shown g r a p h i c a l l y  in  P ig .  12 . These power m easure­
ments were -made t o  determ ine th e  c u t t in g  f o r c e  on the p o in t  
o f  the t o o l  w h ile  c u t t i n g ,  w hich  c o u ld  immediat&y be o b t a in e d  
by  m u l t ip ly in g  th e  h o r s e -p o w e r  b y  33000 and d iv id in g  by  the 
c u t t in g  sp eed  in  f e e t  p er  m in u te .
V II  D RESULTS OP THE TESTS
The r e s u l t s  o f  the t e s t s  with th e  s e v e r a l  brands o f  
s t e e l  are g iv e n  in  f u l l  in  T a b le s  11 and 1 2 .  Table  11 g iv e s  
th e  g e n e r a l  r e s u l t s  re g a rd in g  the  s i z e s  o f  c u t ,  c u t t i n g  speed , 
d u r a b i l i t y ,  e t c . ,  as i n d i c a t e d  by  the h e a d in g s  o f  th e  18 ’ c o l ­
umns. Table  12 g i v e s ,  f o r  th e  same t e s t s ,  the power r e q u ir e d  
and th e  c u t t i n g  f o r c e  on the p o in t  o f  th e  t o o l .
The h ea d in g s  o f  th e  t a b l e s  are f o r  th e  most p art  
s e l f - e x p l a n a t o r y ,  h ow ever , i t  may be a d v is a b le  t o  e x p la in  some 
o f  them more f u l l y .  In Table  11 ; columns 4 ,  5 and 6 g iv e  
th e  sp e e d s ,  depth o f  cut and f e e d s  at which the t r i a l s  were 
in ten d ed  t o  be c a r r i e d  o u t ,  w h ile  columns 7 , 8 and 9 g iv e  th e  
a c t u a l  f i g u r e s  o b t a in in g  during  the  t e s t .  The c u t t in g  sp e e d  
re c o r d e d  i s  the sp eed  in  f e e t  p e r  m inute o f  th e  c y l i n d r i c a l  
s u r fa c e  o f  maximum d ia m eter  at th e  p o in t  o f  c u t t i n g .  Column 
10 g iv e s  the  a rea  o f  s e c t i o n  cut as th e  p ro d u c t  o f  the d epth  
o f  cut and f e e d .  Columns 12 and 13 g iv e  the  a re a  o f  th e  su r ­
fa c e  m achined. T h is  was o b t a in e d  by m u l t ip ly in g  the  c u t t in g
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speed  in  f e e t  per  m inute  by  th e  f e e d  in  f e e t  p e r  r e v o l u t i o n  o f  
th e  s p i n d l e .  Columns 14 and 15 g iv e  th e  w eight o f  c u t t in g s  
as o b t a in e d  from  the a c tu a l  w eigh t o f  th e  m a te r ia l  rem oved. 
Column 17 g iv e s  th e  com p arative  d u r a b i l i t y  o f  the t o o l .  An 
e n t i r e l y  a r b i t r a r y  s ta n d ard  o f  d u r a b i l i t y  was e s t a b l i s h e d  as 
f o l l o w s : -  A t o o l  whose c u t t in g  edge was worn away .002  in ch es  
a f t e r  one hour o f  use  was c o n s id e r e d  p e r f e c t ,  i t s  d u r a b i l i t y  
b e in g  e x p r e s s e d  as 100 . The r a t i o s  o f  th e  d u r a b i l i t y  o f  any 
o t h e r  t o o l s  t o  th e  stan d ard  w i l l  then be the  in v e r s e  o f  the 
r a t i o s  o f  t h e i r  r a t e s  o f  wear t o  the  r a t e  o f  wear o f  th e  s ta n ­
d a rd .  The wear as assumed f o r  the s ta n d a rd  i s  shown in  F ig .  
13 at x* In  the e x p e r im e n ts ,  
h ow ever , th e  d is t a n c e  a was 
m easured and x  then  c a l c u l a t e d .
The h e a d in g s  f o r  T a b le  
12 are s e l f - e x p l a n a t o r y ,  columns 
4 ,  5 and 6 g iv in g  the  h o r s e ­
power r e q u ir e d  and columns 8 
and 9 the  con sequ en t c u t t in g  
f o r c e  as o b ta in e d  by  c a l c u l a ­
t i o n  from  th e  h o r s e -p o w e r  and c u t t in g  sp eed .
V II  E CONCLUSION.
The r e s u l t s  o f  the t e s t s  as r e p o r t e d  in  the f o r e g o ­
ing  T a b le s  11 and 1 2 , w h ile  not a d m itt in g  any d e c id e d  co n ­
c l u s i o n s ,  do h ow ever , warrant a few  s ta tem en ts  t o  be made r e ­
g a rd in g  t h i s  new t o o l  s t e e l .
;*
The c u t t in g  sp eeds  p o s s i b l e  are from  two t o  th r e e
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t im es  as g r e a t  as th ose  p o s s i b l e  w ith  th e  use o f  th e  w a ter­
h a rd en in g  ca rb on  s t e e l s .
There i s  c o n s id e r a b le  v a r i a t i o n  in  the  a l lo w a b le  
speeds f o r  v a r io u s  grade  o f  c a s t - i r o n ,  and the p r o b a b i l i t y  i s ,  
th a t  th e re  i s  a d i r e c t  r e l a t i o n  betw een  the h a rd n ess  o f  the  
i r o n  and the  c u t t in g  sp eed  which might be e x p r e s s e d  by  a c u r v e .  
Such a cu rve  has not as y e t  been  o b ta in e d .
The p o in t  o f  maximum sp eed  f o r  d i f f e r e n t  g ra d es  o f  
i r o n  seems w e l l  d e f i n e d ,  above t h i s  speed  the t o o l  b r e a k in g  
down v e r y  r a p i d l y  w h i le  b e low  i t ,  a f t e r  the  f i r s t  sharp edge 
has worn away, the  t o o l  l a s t s  a lo n g  t im e .
V a r ia t io n s  in  the r e s u l t s  o b ta in e d  w ith  the  same 
b ra n d  o f  s t e e l  seem to  i n d i c a t e  a non-hornogenious m a t e r i a l .
ITo one o f  th e  s t e e l s  t e s t e d  showed any marked s u p e r i o r i t y  o v e r  
th e  o t h e r s ,  p r o b a b ly  due t o  t h i s  v a r i a t i o n .
B e f o r e ,  h ow ever , th e  b e s t  t h e r e  i s  in  t h e s e  s t e e l s  
i s  o b t a in e d ,  shop methods must be r e a d ju s t e d  and advances must 
b e  made in  th e  way o f  b e t t e r  fu r n a c e s  f o r  tem p er in g  and h e a v ie r  
machine t o o l s  d es ig n ed  w ith  e s p e c i a l  r e f e r e n c e  t o  h ig h  sp eed  
work.
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